Aim: To determine the prevalence of disomy 21 in sperm samples from fathers of children with Down syndrome in order to identify cases with high likelihood of paternal origin. Materials and Methods: FISH analysis has been carried out in the sperm samples of 10 normal males and 13 fathers of children with trisomy 21, totally 23 males. in this study the hybridization efficiency and segregation frequencies were detected by using locus specific probes of chromosome 21 and 13. SPSS software and t test were used for statistically analysis. Results: 13 420 nuclei of our case group in this study the hybridization efficiency and segregation frequencies were detected by using locus specific probes of chromosome 21 and 13. have been examined and the percentage of cells were determined as follows, 92.57 %; haploid, 1.6 %; disomic for chromosome 21, 0.6%; dizomic for chromosome 13, 1.3 %; diploid cells.As the control group, a total of 10 000 nuclei were analyzed and 95.28 %; haploid , 0.49 %; disomic for chromosome 21, 0.3 %; disomic for chromosome 13, 1.26 %; diploid cells were determined. Conclusions: The results of our small-scale case-control study were similar to the rate of paternal origin in the literature. In conclusion, FISH may be considered a reliable method in sperm aneuploidy screening.
INTRODUCTION
Down syndrome is the most common chromosomal anomaly seen in newborns (1/650-700) and the most common cause of mental retardation [1] [2] [3] . Jerome Lejeune and Patricia Jacobs identified trisomy of chromosome 21 as the genetic cause [4] . Sexually reproducing organisms require gametogenesis first, followed by fertilization. During gametogenesis, the number of chromosomes is halved through meiosis. Meiosis I is a reductional division in which the chromosome number is reduced to haploid. Meiosis II, on the other hand, is an equational division in which sister chromatids separate and are distributed into haploid daughter cells [5] . Classic trisomy 21 arise due to a defect in maternal meiosis. Trisomy 21 results from nondisjunction or anaphase lag events usually occurring in meiosis I but sometimes in meiosis II and is associated with maternal age [3, 7] . In cytogenetic analyses of neonates, 80% of cases can be classified as maternal origin, with about 80% of those resulting from an error in meiosis II. Analyses based on DNA markers enabled an even higher rate of classification, with 90-95% of all trisomy 21 cases determined a result of maternal nondisjunction; in informative cases, 77% of disjunctions are seen in meiosis I and 23% in meiosis II. Five percent of cases are of parental origin [6] [7] [8] .
Molecular studies mostly focused on the 21q22.2-22.3 zone, which is critical in Down syndrome. Most of the characteristic phenotypic findings appear due to the excess of chromosomal material in this region [9] . The presence of structural heteromorphism (variations) in the satellites of the short branch of chromosome 21 and the restriction fragment length polymorphisms (RFLPs) in the cloned DNA sequence enable the determination of the parental origin of the extra chromosome in trisomy 21 [1, 3, 6, 7] . In situ hybridization analysis using an isotopic probe was first performed in 1984 by Joseph et al. using specific probes for the Y chromosome and chromosome 1 [10] . Fluorescence in situ hybridization (FISH) is a fast and effective technique that uses specific probes to allow the quantitative analysis of chromosomal aneuploidy in a large number of sperms. Previous studies have investigated the frequency of numerous autosomal and sex chromosome aneuploidies [11] [12] [13] 15] . In the present study, we used FISH to determine the prevalence of disomy 21 in sperm samples from fathers of children with Down syndrome in order to identify cases with high likelihood of paternal origin.
METHODS
Sperm samples were obtained from the fathers of 13 individuals who were diagnosed with Down syndrome by chromosomal analysis of peripheral blood, as well as from 10 fertile males with normal spermiogram and karyotype analysis who comprised the control group. The case group consisted of males aged 25-40 years. A total of 23 sperm samples were analyzed. Paternity test using DNA polymorphism analysis was not done.
Slide preparation from sperm samples
Washing the sperm samples: From each ejaculate sample, 1 ml was transferred into a sterile tube containing 3 ml of 0.01 Tris-0.9% NaCl. After centrifugation, the supernatant was discarded. The pellet was washed 3 times by adding 5 ml of 0.01 Tris-0.9% NaCl and centrifuging. Slide preparation: A 2 μl aliquot from the resulting sperm suspension was spread on a slide.
Fixation
The slides were air-dried, then incubated in a 3:1 methanol/acetic acid fixative solution overnight at 4°C.
Decondensation
The slides were incubated in 0.1 M Tris/10 mM DTT (dithiothreitol) for 30 minutes at room temperature, then in 0.1 M Tris/10 mM LIS (lithium diodosalicylate)/1 mM DTT for 3 minutes at room temperature. They were dried by gentle shaking in 2x SSC solution and stored at -20°C until the FISH procedure.
FISH
Prehybridization wash: The slides were washed in 2x SSC solution for 30 minutes, then dehydrated in a 70%/90%/100% ethanol series (room temperature, 5 minutes each) and air dried.
Denaturation
The preparations were incubated in denaturation solution at 70°C for 5 minutes, then dehydrated in a 70%/90%/100% ethanol series at -20°C and allowed to air dry. SpectrumOrange locus-specific 21q22.3-q22.2 locus-specific DNA probe (Vysis, Abbott, USA) and SpectrumGreen 13q14 locus-specific DNA probe (Vysis, Abbott, USA) were denatured in a 70°C water bath for 5 minutes.
Hybridization
For each slide, 5 μl of each probe were mixed and briefly centrifuged. The 10 μl of probe solution was applied to the slides followed by a 22×22 mm coverslip. The slides were incubated overnight in a humidified environment (37°C) to allow hybridization.
Posthybridization wash
The following day, the slides were washed 3 times for 10 minutes in 50% formamide/2x SSC at 46°C, then once in 2x SSC solution at 46°C for 10 minutes, and finally in 2x SSC/0.1% Tween 20 solution at 46°C, then left in the dark to air dry.
Staining
After drying the slides, 20 μl of DAPI II (Vysis, Abbott, USA) and a coverslip were applied and they were stored in the dark until analysis.
Analysis
The slides were examined using a Zeiss Axiophot Fluorescence microscope with a double filter. An average of 1000 nuclei were counted for each slide.
Statistical Methods
Frequencies of haploidy, diploidy, disomy 21, and disomy 13 in the sperm samples from the study and control groups were statistically analyzed using SPSS software and t test.
RESULTS
Sperm samples from the fathers of 13 children with Down syndrome and from 10 fertile males with normal spermiogram/karyotype analysis results were subjected to chromosome analysis using FISH with locus-specific DNA probes targeting chromosomes 13 and 21. Approximately 1000 sperm nuclei from each sample were counted. A total of 23,420 nuclei were evaluated, 13,420 nuclei from the study group and 10,000 nuclei from the control group. Of all the cells examined, the signal rate was 97.8%. This figure indicates hybridization efficiency, and a value of 97.8% illustrates the reliability of the method. Diploidy and disomy were determined using locusspecific probes for chromosomes 13 and 21. In the study group, haploidy (normal) was detected in 92.57%, disomy 21 in 1.6%, disomy 13 in 0.6%, diploidy in 1.3%, nullisomy 21 in 0.87%, nullisomy 13 in 0.46%, and nullisomy for both chromosomes in 2.5% (Table 1) (Figures 1, 2, 3 ). The segregation ratios of the study and control groups were compared.
Means and standard deviations were calculated for both groups for use in the t test (Tables 3 and 4) . The t test revealed no difference between the groups with regard to haploidy, diploidy, or disomy 13 (p>0.05). There was also no significant difference between the groups in terms of disomy 21 (p>0.05) ( Table 5 ). The results, presented as percentages in Table 1 , indicate a higher rate of disomy 21 in subject 5.
DISCUSSION
FISH is described as a reliable and accurate method of screening for aneuploidy in human sperm. The FISH technique can also be used to analyze sperm that are not viable and have lost their fertilizing capacity. This indicates that the technique may be more reliable in screening for actual aneuploidy when all sperm cells are taken into consideration. Furthermore, FISH is less costly and allows the examination of a larger number of sperm in a short time [16] . In our study of sperm samples obtained from 13 males in the study group and 10 males in the control group, we counted a total of 23,420 nuclei and determined a hybridization efficiency of 97.8% in FISH using specific probes for chromosomes 21 and 13. Of the total 23,420 nuclei counted, 22,905 showed signal and no signal was detected from 515. We noted that the nuclei without signal were smaller than those that showed signal, indicating that they were not decondensed and therefore the probe could not penetrate into the nucleus. The many studies on aneuploidy in the literature report hybridization efficiencies in the range of 96-99%.The rate of 97.8% in our study is consistent with these studies [2, 15, 16] . In our study, the haploidy rate was 92.60% in the study group and 95.28% in the control group. The difference did not reach statistical significance in the t test (p=0.05), which is consistent with the literature [2] . The diploidy rate was 1.3% in the study group and 1.26% in the control group, also not a significant difference. The literature includes studies with results similar to ours [2, 16, 22] as well as studies showing significant differences between cases and controls [18, 20, 23] . The rate of disomy 21 in the 13,420 nuclei analyzed in our case group was 1.58%. This rate was 0.4% in the 10,000 nuclei analyzed in the control group. Statistical analysis showed that this difference neared but did not reach the limit of significance (p=0.059). Based on our review of the literature, the rate of disomy 21 was higher in our study than in the sperm aneuploidy studies done using FISH both in different case groups and a similar case group [15, 16, [17] [18] [19] [20] [21] . This may be due to differences in the case groups or laboratory and optimization conditions. When the case group was formed for this study, we did not investigate the origin of the children's' extra chromosome 21. Considering that the paternal nondisjunction rate in trisomy 21 is 5%, we observed a markedly higher rate of disomy 21 in one case. We concluded that this case had a higher likelihood of trisomy 21 of paternal origin. The results of our smallscale case-control study were similar to the rate of paternal origin in the literature. In conclusion, FISH may be considered a reliable method in sperm aneuploidy screening.
